
REPORT DOCUMENTATION PAGE 
form  Approved 

OMO  No   0704-0188 

including tt><- 1" PubJ'C recXKtrnq tju'den <o< thn COllT<lion Ol intcxmalion n ot"r.atrd to/---"<)'  > houl OTf TMW» 
datn~.no and nu.nuini™ «h< data rxr^ded. and COmpt*t,n<, and rev.e~.nc) the (Oileo.on ol ,nto<mat,on    Vnd c°mmc""'r?^ ,' 

lOi <<-virwn<) inilrutliool, \ea«h,nq fnl^q data lOu'Cei 
d.nq Ihn burden e\t.fnate CX any Other au>CCl Ot  th.\ 

t.on Operations and fleporu.   U IS JcHrtwo 

V Highway. Suite 

1.   AGENCY USE  ONLY (Leave blank) 2. REPORT DATE 

7/26/94 

3. REPORT TYPE   ANO DATES COVEREO 

Final Technical Report, 6/1/93 - 5/31/94 

4. TITLE ANO SUBTITLE 

Theory & Numerical Methods for Problems in Shape 
Reconstruction and Large Deviations • 

6. AUTHOR(S) 

Professor Paul  Dupuis 

7. PERFORMING ORGANIZATION NAME(S) ANO AOORESS(ES) 

Brown University 
182 George Street 
Providence, RI 02912 

Äfl 

S.   FUNDING NUMBERS 

F-49620-93-1-0264 

8.   PERFORMING ORGANIZATION 
REPORT NUMBER 

JSR-TR. 9 f> - 0 1 s 9 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

DTIC 
ELECTF   f% 
APRS   1935; 

AFOSR/NM 
110 Duncan Avenue Suite B 115 
Boiling AFB DC  20332-0001 

11. SUPPLEMENTARY NOTES 

c 

10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 

VA6taO    -^/-l-C* :K-A 

12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION COOE 

13. ABSTRACT (Maximum 200 words) 

This report describes work on problems from stochastic systems theory 
where the noise effects are small.  The work has addressed two current 
needs: extension of the theory to cover practically interesting problems 
(such as design of data networks), and the development of computational 
methods for large deviation problems.  Problems of particular interest 
that were dealt with are approximation of rare events in queueing systems 
and the control of reliable systems.  We also discuss a recently developed 
method for obtaining rate of convergence estimates for a variety of 
approximations in deterministic and stochastic optimal control. 

19950403 050 
1i.   SUBJECT  TERMS 

17.    SECURITY   CLASSIFICATION 
OF  REPORT 

i <.--. ,-,!.-,.-.<-■  Ci ,-,   \ 
VA'  ■ C V, i     > _ i   s \'-- ^ 

18      SECURITY  CLASSlllCATION 
Of   THIS  PAGE 

19.    SECURITY  CLASSIFICATION 
Of   ABSTRACT . 

15.  NUMBER OF  PAGES 

16. PRICE COOE 

VvH i " \  \ <-'•'._ M ̂ cVrc'v^ (■--( 

20.  LIMITATION OF ABSTRACT 

'\rSj 0".   2BO- S'.^nO.itd   Fo'r^   ?■)'-?,   JR.'.-v    2- 



Theory & Numerical Methods for Problems in Shape 
Reconstruction and Large Deviations 

FINAL TECHNICAL REPORT 

Principle Investigator 

Paul Dupuis 

June 1. 1993 - May 31. 1994 

AIR FORCE OFFICE OF SCIENTIFIC RESEARCH 

AFOSR Contract/Grant Number: F49620-93-1-0264 

Lefschetz Center for Dynamical Systems 
Division of Applied Mathematics 

Providence, RI 02912 

Accesion For 

NTIS    CRA&J 
DTIC     TAB 

! Unannounced 
Justification 

I 

! By  

| Distribution/ 

B 
a 

Availability Codes 

I Avail  and /or 
iMsi     j        Special 



Research Results 

(a) Large deviations and control of rare events. A major concern 
in stochastic systems theory are problems where the effects of the noise are 
small. For example, in many modern communications and computer systems 
one wishes error rates on the order of 10"9 or so. Much of the theoretical 
underpinning of estimates that are available comes from the theory of large 
deviations. Our work has addressed two current needs: extension of the 
theory to cover practically interesting problems (such as design of data net- 
works), and the development of computational methods for large deviation 
problems. There has been virtually no work on numerical problems in this 
area. Indeed, the classical approach to this theory is so complex that the 
associated numerical problems would appear impossible. With this in mind, 
we are developing an alternative approach that in a general setting puts the 
problem into a control theory framework. In reference [1] above we have ap- 
plied this approach to prove the existence of a large deviation principle for a 
very broad class of jump-Markov processes that occur in queueing problems. 
This vastlv widen? the class of such systems for which such a principle is 
known. The proofs use a characterization of the large deviation probabilities 
as the minimal cost functions of associated stochastic coiuroi probten1., i im 
characterization is also used as the basis for computational procedures that 
are developed in reference [-{}. The characterizations serve both to motivate 
and understand convenient computational approximations, and also to prove 

their convergence. 
In the reference [3] we have started to address the theoretical issues as- 

sociated to a specific class of problems that involve both small noise and 
control. The problem considered in [3] is that of controlling an already "reli- 
able" svstem so as to make it as reliable as possible. Here reliability refers to 
the length of time the state of the system remains in an acceptable operating 
state. The assumption that the system is already reliable simply means that 
we are dealing with a svstem with small noise eliects. For such systems the 
paramount goal is they remain in the acceptable operating region for as long 
as possible. Owing to the unusual nature of this criteria and the also the 
smaliness of the noise effects, large deviation theory öfters an ideal tool (or 
the analvsis of such problems. In future work we plan to extend the algo- 
rithms developed in [4], which deal with jump processes and no control, to 
cover a broader range of processes and also processes with control. 
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(b) Rates of Convergence in Optimal Control. In [2] we developed 
a simple method for obtaining rate of convergence estimates for a variety ol 
approximations in deterministic and stochastic optimal control. Heavy use is 
mad of representations of the approximations as functionals of a controlled 
Markov process, which of course is a by-product of the ''Markov chain ap- 
proximation method." The method is illustrated through the presentation 
of a number of examples, including finite difference schemes with several 

different cost structures. 

(c) Work on Shape Reconstruction. Work that has begun but is 
not nearly finished involves an extension of previous work on the classical 
problem of shape-from-shading to handle the problem of shape-from-SAR 
data (synthetic aperture radar data). Many new difficulties, such as the 
differing geometries of the problems and the presence of significant noise 
in SAR data, have required significant alterations in the algorithms used 
previously. This work is still proceeding. 
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